ABSTRACT
INTRODUCTION

66
Despite efforts of achieving the Millennium Development Goal (MDG 7) on 67 drinking-water, globally around 1.9 billion people use a drinking-water source to µg L -1 (Sui et al., 2015) . Among these compounds are genotoxicity and endocrine disorders in humans and aquatic life (Kummerer, 2008) .
92
Therefore, PPCPs presents a threat to the ecosystem and human health. Ibuprofen (Erba et al., 2014) . Therefore, it seems a viable alternative, since it is easy to 112 operate and maintain -it does not require chemical coagulants and it can be used at both 113 large and household scales. An example of SSF at household scale is the biosand filter
114
(BSF) which is operated interminttently (CAWST, 2012). Kennedy et al. (2013) 115 illustrates the potential of household SSF by investigating the estrone, estriol, and 17α-116 ethinyl estradiol (endocrine disrupting compounds -EDCs) by BSF. Very low removal 117 rate (< 15%) was observed for these EDCs, however, the removal was increased (> 98%) 118 by adding household bleach to the effluent water of the BSF.
119
The high efficiency of water treatment achieved by SSF is partly explained by the 
152
Raw water was collected from the Regent's Park Lake in London, UK which has 153 on average turbidity of less than 10 NTU. Once a week, a total of 100 L of water were 154 collected from the lake and a volume of 24 L was filtered by each filter twice a week. The 155 experimental work was divided into two phases, resulting in a total of 21 filtrations in 156 phase 1, and 11 filtrations in phase 2 (see Table 1 ). Filter F2 received water contaminated 157 by PPCPs during phase 1, and filter F1 worked as control. During phase 2, there was no 158 contamination at all.
159
To investigate the effect of hydraulic detention time on water quality, the filters 160 were operated with tap so that the water filtration was paused during phase 1, while in 161 phase 2 filters were operated without pause. 
PPCPs solution
167
During phase 1, the affluent water of filter F2 was contaminated with a mix of 6 168 PPCPs (i.e. paracetamol, diclofenac, naproxen, ibuprofen, methylparaben and 169 benzophenone-3). For this, the standard compounds were weighed in precision weighing 170 balances and dissolved in methanol. A stock solution was prepared and from this, an 171 aliquot was withdrawn and mixed into the raw water to be filtered by F2, in a final 172 concentration of 2 µg L -1 for all of them, which is usually the mean value found in surface 173 water (Sui et al., 2015) . All the PPCPs used (Table A. 3 Appendix material) were 174 analytical standard ≥ 98 % purity from Sigma-Aldrich, UK. 
2.3.Water Sample Collection
177
For water quality analysis, 100 mL of affluent and filtered water were collected in To identify and quantify the PPCPs in water at phase 1, 300 mL of filtered water 188 were collected in two different times:-(1) at the end of the filtration procedure in the day 189 (S2) and (2) 24 hours after the contamination (S1), in duplicate. Six measurements for Prior to the extraction, the water samples (300 mL) were filtered through
223
Whatman no.1 filter paper and the pH was adjusted to 3.0 (using hydrochloric acid,
224
1:1,v/v). The SPE C18-E cartridges 200 mg per 6 ml were from Extrata-X (Phenomenex)
225
(Catalogue number 8B-S100-FCH). The SPE cartridge was first conditioned twice with 226 6 mL each of methanol following with 6 ml of milli-Q water and then with 6 ml of water 227 acidified to pH 3.0 with HCl by gravity using a vacuum manifold (Phenomenex,
228
California, USA). This followed by the application of the water sample through the SPE 229 cartridge. The SPE was washed with 6 ml of water and subsequently, the cartridges were acquisitions were set up to determine its fragmentation patterns to confirm its identity.
243
Capillary Liquid Chromatography Mass Spectrometry (capLC-MS, -MS 2 )
244 Liquid chromatographic separation was performed on an Accela HPLC system 245 utilising a Hypersil GOLD reversed-phase column (1.9 µm particles, 150 x 2.1 mm) from
246
Thermo Electron Corp (San Jose, CA).
247
The LC system consisted of an Accela solvent rack, Accela 600 pressure dual 248 gradient pumping system with an on-line solvent degasser and an Accela autosampler.
249
Mobile phase A consisted of 1 % methanol (MeOH), and mobile phase B was acetonitrile ) and this was probably due to the presence of algae bloom. As result, 336 conductivity, phosphates and TDS were higher in phase 2 than in phase 1. Also total 337 coliforms and E. coli concentrations were much higher in phase 2 than in phase 1.
338
After filter maturation -achieved after 10 filtrations within a period of 20 days --339 analysis of the water quality parameters showed that the household SSFs met the quality 340 parameters ( total coliform and E. coli removal which exceeded the limit of absence in 100 mL ( Figure   342 3b and 3d). However, both filters presented excellent removal of total coliforms and E. for SSF (Huisman and Wood, 1974) . nitrogen (Brown and Barnwell, 1987) .
389
It was also observed that the water quality of the Regent's Park Lake had higher 390 levels of conductivity, TDS, and phosphate in phase 2 than in phase 1 (Figure 4 and 5) .
391
This was due to the fact phase 2 was carried out during summer in the presence of an 
445
The p value for total coliform removal (Figures 3a and 3b) shows that for phase 
468
It can be seen from Figure 6 that the effluent TOC concentrations were variable 469 in phase 1 (up to filtration 21), while it was kept constant in phase 2 (from filtration 22).
470
This was probably due to the PPCPs contamination that makes TOC variable at phase 1.
471
However, no differences were observed in the effluent TOC between F1 and F2. These 
Quantitation of PPCPs by LC-MS analyses
484
Initially to establish the LC-MS methodology for analysis of PPCPs, six 485 pharmaceutical standards by the direct infusion ESI using the LTQ mass spectrometer and had developed greater biofilm as the filters were kept outdoors, while this study was 527 carried out using intermittent operation, and filters were kept in the laboratory.
528
During filtration 12, the concentrations of these compounds in the filtered water 529 were greater than the affluent concentration. This also occurred for TOC concentration
530
( Figure 6 ). It can be seen (Figure 7 ) that on average, at S1 (24 hours after contamination),
531
the concentrations of the compounds were lower than S2. ), using low concentration in inffluent water. Samples from the schmutzdecke in three random locations (1, 2 and 3) in both 555 filters were collected in order to compare the community of bacteria that developed in 556 phase 1 and phase 2 (see Table 3 ). It is worth noting again that F 1 worked as control, and 557 F2 was contaminated only in phase 1.
558
The BLAST of the sequences was distributed in presence and absence of the 559 microorganisms in each sampling point. The first option in the BLAST was taken with 560 similarity 99.9 % for all.
561
According to other studies on slow sand filtration, bacterial community was 562 particularly rich in species within the biofilm i.e. schmuztdecke (Petry-Hansen et al.,
563
determining the occurrence of microbial species (Wakelin et al., 2010) . It is worth noting 566 that the data shown here may be biased because only culture methods were used in this 567 work (Head et al., 1998) . However, based on the filtration methodology adopted in this 568 study, in total (phases 1 and 2), it was possible to identify 22 species of bacteria in the 569 biofilm samples cultured during this research, three could not be isolated -Strain S8, S15, 570 S18 (Table 3) .
571
Two species, namely Bacillus anthracis and Exiguobacterium sp., were found in (Table 3) . Interestingly, the bacteria species in F1 were different from F2 in phase 578 1, however, to confirm if this difference relates to the presence of PPCPs, more tests 579 should be conducted for this purpose.
580
In phase 2, without PPCP contamination, 12 species were separated, 10 isolated 581 species and identified and two no isolated, that is more than in phase 1. From the total, 582 only two species that were present in phase 1 persisted to phase 2 (i.e. B. anthracis, and
583
Exiguobacterium sp.). The other 10 species were different, so these results indicate that 584 the bacteria community in phase 1 was different from those in phase 2. However, it does 585 not necessarily mean that this difference was related to the operation mode of the filters 586 but it may be related associated to age of the filters. According to Haig et al. (2015) , the 587 microbial community compositions of the SSFs were significantly different, depending 
597
The B. anthracis and Exiguobacterium sp. that were present in phases 1 and 2
598
were the same that showed resistance to 2 µg L -1 of PPCPs when comparing the isolated 599 bacteria in F1 and F2 during phase 1 (Table 3) , suggesting the adaptation and resistance 600 abilities of these species to contamination factor and operation time.
601
The principal component analysis (PCA), considering phases 1 and 2 and location 602 of schmutzdecke sampling in each filter (Table 3) . However, the observed 680 change in composition of the bacterial community between phases 1 and 2 in this study, 681 could be related with the age of the filters (the filters were not cleaned between phases), 682 the quality of raw water, the presence of PPCPs, and operation with and without pauses.
683
Comparing the filters, we realize that the biological community even among identical 684 filters can be different. 
CONCLUSIONS
687
The performance of the household slow sand filters operated intermittently was 
